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Abstract
The pathophysiology of tinnitus is poorly understood and treatments are often unsuccessful. A number of animal models
have been developed in order to gain a better understanding of tinnitus. A great deal has been learned from these models re-
garding the electrophysiological and neuroanatomical correlates of tinnitus following exposure to noise or ototoxic drugs. Re-
liable behavioral data is important for determining whether such electrophysiological or neuroanatomical changes are indeed
related to tinnitus. Of the many documented tinnitus animal behavioral paradigms, the acoustic startle reflex had been pro-
posed as a simple method to identify the presence or absence of tinnitus. Several behavioral models based on conditioned re-
sponse suppression paradigms have also been developed. In addition to determining the presence or absence of tinnitus, some
of the behavioral paradigms have provided signs of the onset, frequency, and intensity of tinnitus in animals. Although none
of these behavioral models have been proved to be a perfect model, these studies provide useful information on understanding
the neural mechanisms underlying tinnitus.
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Tinnitus is a symptom of many pathological condi-
tions and is an auditory phantom sensation experienced
when no external sound is present. Tinnitus occurs with
a surprisingly high prevalence affecting about 35% of
the general population, with 10%-15% of individuals ex-
periencing prolonged tinnitus requiring medical evalua-
tion [1-3]. For 10% of the population tinnitus has a signifi-
cant impact on their quality of life [4].
Over the years, progress has been made using electro-
physiology, cell biology, molecular biology, and other
techniques to understand the neural correlates of tinnitus.
A number of methods have been used to reduce the
symptoms of tinnitus, including auditory masking proce-
dures [5-9], electrical stimulation[10-14], and pharmacological
treatments [1, 15-20]. The phantom perception of tinnitus of-
ten begins with the onset of hearing loss induced by acous-
tic overstimulation[21-25] or ototoxic drugs[23, 24, 26, 27]. Howev-
er, the exact causes of tinnitus remain largely unclear.
A number of interesting neurophysiological changes
have been identified regarding tinnitus in animal models.
For example, an increase in neuronal spike synchrony
has been observed in auditory cortex and is thought to be
related to tinnitus [28]. Additionally, an increase in sponta-
neous firing rates in the auditory cortex and inferior col-
liculus has also been associated with tinnitus[29, 30] [28, 31-36].
However, whether or not these changes are truly related
to tinnitus cannot be confirmed unless a behavioral test-
ing is used to evaluate the presence or absence of tinni-
tus. Therefore, it is important to employ behavioral tech-
niques that permit tinnitus to be assessed in individual
animals treated with a particular tinnitus inducing agent
in order to determine if tinnitus is present or absent at a
particular time[36-41]. Because tinnitus is subjective in na-
ture and there is no objective test of tinnitus, it can there-
fore be difficult to quantify in an animal model. Current-
ly, there are several useful animal behavioral models that
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use“animal behavioral changes”which may associate
with tinnitus to study the underlying neural mechanisms
and potential treatments of tinnitus.
Tinnitus model based on acoustic startle
reflex paradigm
In recent years, the acoustic startle reflex (ASR) be-
came a popular technique for tinnitus assessment[36, 42].
This behavioral model confers a significant advantage
than the time-consuming behavioral approaches utilizing
basic mechanisms of conditioning[37, 38, 40, 42-46]. During the
test, animals were placed in a holder on top of a
piezo-electric transducer that measures the animal’s mo-
toric reflex to a sudden loud sound (Figure 1A). The
technique relies on a reduction of the ASR by a preced-
ing silent gap in an otherwise constant acoustic back-
ground (Figure 1B). An animal is presumed to have tinni-
tus if a preceding gap fails to reduce the startle reflex
due to tinnitus“filling in”the silent gap (Figure 1C-D).
This method has been described and used in a number of
studies [45] [42, 47].
Prepulse inhibition of the ASR has been used to assess
tinnitus in different laboratory animals. This technique
doesn’t require complex behavioral manipulations (food
or water deprivation, finely tuned shock parameters, vari-
able reinforcement schedules, etc.) and also doesn’t re-
quire long durations to train the animals. Additionally,
ASR does not rely on learning, memory or motivation.
The startle neural circuit, its modulation using back-
ground sounds, and stimulus parameters has been stud-
ied extensively[42, 48-53]. It’s easy for newcomers learning
to correctly apply gap detection techniques for tinnitus
assessment in different animals. This method has been
used to assess tinnitus induced by ototoxic drugs or
acoustic trauma in mice [54, 55] and rats [36, 42, 56-58].
Although prepulse inhibition of the ASR seems to be
an efficient and reliable method, a number of questions
have arisen regarding the use of the paradigm in behav-
ioral models of tinnitus. One question is whether chang-
es in prepulse inhibition are due to tinnitus or simply due
the hearing loss. A number of studies have demonstrated
a reduction in startle amplitude following use of noise
exposure to induce tinnitus suggesting that hearing loss
Figure 1. (A) Animals are placed in a holder on top of a piezo-electric transducer. (B) Acoustic startle reflex with constant acoustic back-
ground. (C) Reduction of the acoustic startle reflex by a preceding silent gap in an otherwise constant acoustic background. (D) Tinnitus
‘filling in’the gap, no reduction of the acoustic startle reflex by a preceding silent gap in constant acoustic background.
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may alter startle amplitude [54, 59]. Additionally, if a sub-
ject’s tinnitus is not restricted to a particular frequency
band or is not a simple stimulus such as a broadband
noise, it would be difficult to evaluate tinnitus using this
approach. These issues need to be addressed for validat-
ing this model for tinnitus detection.
Behavioral model based on conditioned
response suppression
Tinnitus from noise exposure and ototoxic drugs often
lead to sound-evoked hyperactivity along the auditory
pathway, particularly at the auditory cortex, as well as be-
havioral evidence of hyperactivity[47, 60, 61]. High-doses of
salicylate, which reliably induce tinnitus, also induces
functional changes in the central auditory system[36, 47]. Sa-
licylate has been shown to disrupt GABAergic (inhibito-
ry) synaptic transmission in the inferior colliculus [62]. In
order to study this auditory phantom sensation and neuro-
physiological changes, a behavioral test that reflects the
auditory pathway is needed.
Recent animal behavioral techniques are based on con-
ditioned response suppression. Sugar water [46], food pel-
lets [43] and water [63] have been used as reward in these
conditioning paradigms. In the Jastreboff’s model, ani-
mals are trained to lick for water during periods of sound
(safe-to-drink condition) and to stop licking during peri-
ods of silence using a mild foot shock (Figure 2). After
training to criterion performance, a tinnitus-inducing in-
jection of salicylate was given to the experimental group
of rats. Licking suppression was measured over 5-10
days until the behavioral response extinguished due to
the removal of the shock. Licking suppression extin-
guished more rapidly in the experimental group than in
the control group, with the salicylate-treated group lick-
ing more than control animals during silent periods.
This suggests that they were hearing a sound when no ex-
ternal sound was being presented and has been interpret-
ed as the presence of tinnitus [64].
Some studies had tried to estimate the pitch of an ani-
mal’s tinnitus using a behavioral paradigm. Jestreboff et
al. used specific auditory stimulation in place of the salic-
ylate injections. Twelve rats were assigned to one of two
treatment groups and received the same water depriva-
tion and weight monitoring regimen. Animals were
trained to lick for water during periods of sound
(safe-to-drink condition) and to stop licking during peri-
ods of silence using a mild foot shock. They still re-
ceived continuous 24 hr tonal presentations of 7 kHz, 60
dB SPL superimposed on the background noise. There
was no significant difference between three groups of an-
imal results. A sound at 7 kHz and 60 dB SPL is used to
simulate the sound of tinnitus induced by sodium salicy-
late. This study used a sound simulation method and
they found the pitch of tinnitus induced by high doses of
salicylate may be closed to 7 kHz.
Shuttle box paradigm
Another study combined behavioral estimations of tin-
nitus pitch with electrophysiological recording. They
found that hearing lesions produced a tinnitus pitch in
the hearing-loss frequency range and auditory cortex al-
so showed different sound representations in low and
Figure 2. Animals are trained to lick for water during periods of
sound (safe-to-drink condition) and to stop licking during periods
of silence using a mild foot shock.
Figure 3. Animals were trained to move into or stay in the light
side of a two compartment shuttle box when the frequency of a
continuously played background sound was ≥ 4 kHz, and to cross
to the dark side when the frequency of the sound was ≤ 3 kHz.
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high characteristic frequency areas [65]. In this study, ani-
mals were trained to move into or stay in the light side of
a two compartment shuttle box when the frequency of a
continuously played background sound was ≥4 kHz, and
to cross to the dark side when the frequency of the sound
was≤ 3 kHz (Figure 3). Animals were trained to reach
the criterion so that they correctly shuttled between com-
partments 70% of the time for 3 consecutive days. After
training, silent probe trials were inserted in which no
foot shock was delivered to the animals. Animals gener-
ally preferred the dark side during the silent probe trials.
Next, a high-frequency hearing loss was induced in the
adult rats by exposing them to a 4-kHz tone at 123 dB
for 7 h. After the hearing lesion, rats consistently in-
creased their preference for the high-pitched compart-
ment (i.e., the light side) in the silent probe trials. The
preference for the high-pitch compartment in the absence
of external sounds indicates that they perceived tinnitus
in the hearing-loss frequency range.
The schedule induced polydipsia avoid-
ance conditioning (SIPAC) paradigm
The SIPAC model is designed based on Jestreboff’s
model to increase the testing window [40]. Food restricted
rats were self-trained to lick for water during the time be-
tween scheduled deliveries of food pellets. Rats were al-
lowed to lick during quiet periods but will be trained not
licking under sound stimulus condition. After training to
a criterion in which licks-in-quiet (correct response) ex-
ceeded 90% of the total licks, rats were treated with sa-
line and four different doses of salicylate [40]. Results
demonstrate that rats treated with high doses of salicylate
reduce their number of licks in quiet, behavior indicating
that they hear a phantom sound (i.e. tinnitus) during the
silent periods. The SIPAC procedure represents a reli-
able new method for assessing tinnitus in animals. This
paradigm has also previously been combined with the
startle reflex paradigm in which rodents were tested on
both paradigms for the presence of tinnitus [36]. In this
study, the pitch of the tinnitus was found to be near 16
kHz after treatment with salicylate. Electrophysiological
recordings from chronically implanted multichannel elec-
trode arrays were also used in this study to monitor the lo-
cal field potentials and spontaneous discharge rates from
multiunit clusters in the auditory cortex of awake rats.
Psychophysical model of tinnitus
Bauer et al. developed a tinnitus animal model to re-
flect several features of tinnitus observed in humans.
Rats were trained to press a lever during background
noise to obtain food and to stop pressing the lever during
silent intervals to avoid a foot shock [66]. Tinnitus was
measured using a psychophysical procedure, which re-
quired the animals to discriminate between auditory test
stimuli consisting of tones, noise, and 0 dB. After noise
exposure, the animals were continuously tested for 17
months by a procedure where four intervals containing a
tone without shocks were presented, followed by four si-
lent intervals where a shock was administered if the ani-
mal did not stop lever pressing. They found that the
noise exposed animals had tonal tinnitus and the control
animals did not have tinnitus. The tinnitus was found to
persist and intensify over 17 months. This paradigm was
also compared with the startle reflex paradigm and both
paradigms showed consistent results in noise exposure
induced tinnitus [42] .
Possible mechanisms underlying tinnitus
Hearing loss not only affects the cochlea, but also has
significant effects on the central nervous system reinforc-
ing the idea that hearing involves many different regions
of the brain [47]. Noise-induced cochlear damage has a
significant effect on cell proliferation and neurogenesis
in the hippocampus [67]. Eggermont et al. found that
noise-induced hearing loss followed by a few weeks of
recovery in quiet caused reorganization of the tonotopic
map in cat’s primary auditory cortex [68]. The changes in
spontaneous firing rates and in neural synchrony were
nearly the same after a few hours and after a few weeks
but tonotopic map changes developed slowly over time.
It has been proposed that these changes may be a neural
substrate for tinnitus.
A stable and reliable animal behavioral paradigm is
the key factor in studies of tinnitus in animals. Today
most of the established tinnitus animal models are based
on clinical manifestation of tinnitus in humans. Methods
which induce tinnitus in humans, such as ototoxic drugs
and noise exposure, are also used to induce tinnitus in an-
imals. Although human patients are able to communi-
cate features of their tinnitus such as intensity, duration,
and frequency, these features are not always easy to de-
termine in animals models. We need to design a stable,
reliable and clear animal behavioral model in order to ob-
tain information about tinnitus generation, intensity, dura-
tion and frequency in animals. Clearly, more work needs
to be done in order to establish a well validated tinnitus
animal model in order to reveal the underlying mecha-
nisms and to establish a potential therapeutic treatment
for tinnitus.
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